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摘要 
Hd3a (Heading date 3a)基因是水稻开花调控途径的信息整合基因
（integrator），负责将来自各种途径的开花信号汇总起来，继而诱导下游的花器
官决定基因（floral organ identity genes）表达，从而诱导开花。研究表明，短日
照诱导 Hd3a 在叶片中表达，然后其表达产物由叶片转运至茎尖，在那里作用于
下游基因，故此产物被认为是水稻进行长距离转运的开花信号物质。但对于该信
号物质是 Hd3a mRNA 还是 Hd3a 蛋白，还存在一定的争议。本课题借鉴拟南芥
中同源基因 FT (Flowering locus T)的研究成果设计了一系列实验，用以考察 Hd3a
的信号转导和作用机理。 





题初步研究了 Hd3a mRNA 的转运，结果表明在有光条件下 Hd3a mRNA 不能转
运。这一方面可能反映了水稻的 Hd3a mRNA 确实不能转运；另一方面也不排除
光照对于 Hd3a 转运的可能影响，还有待于在黑暗条件下做进一步的研究。以上
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Abstract 
Hd3a (Heading date 3a) gene is a floral pathway integrator of rice, which 
integrates the information from different floral pathways and then activates the 
downstream floral organ identity genes leading to flowering. Hd3a can be induced by 
a short-day condition in leaves, where the photoperiodic signals are perceived. A 
previous study suggested that the expression products of Hd3a moved from leaf to 
shoot apex and regulated a few of downstream genes there, so these products were 
considered as the long-distance mobile signal for flowering of rice. However, there 
still are some controversies about whether Hd3a mRNA or Hd3a protein is the mobile 
signal. Here, a series of experiments were designed according to the similar 
researches on FT (Flowering locus T), an Arabidopsis ortholog of Hd3a, in order to 
explain the mechanism of the signal transduction and function of Hd3a. 
Firstly, Hd3a gene was cloned and an expression vector pH2GW7-pHSP-Hd3a 
containing the heat-inducible Hd3a gene was constructed. Then the transgene Hd3a 
was transformed into wild-type rice Nipponbare mediated by Agrobacterium and 
several homozygotic lines of transgenic rice were obtained in which the transgene was 
expressed at high level after heat shock-induction and also existed as a single copy in 
genome. Subsequently, it was proved that the heat shock induction of Hd3a gene 
could induce the earlying flowering of rice under a long-day condition. It was also 
detected whether the mRNA of Hd3a gene could move long-distancely. The results 
showed the mRNA of Hd3a gene could not move when the leaf of transgenic plant 
was heated in presence of light. There were two possibilities: one was that the mRNA 
of Hd3a gene really could not move; the other was that light might inhibit the 
movement of Hd3a mRNA. It still remains to be elucidated whether the mRNA of 
Hd3a gene can move in dark. In collusion, our results provided a basis for the further 
researches on Hd3a. 






































(2) 营养物质转移假说(the nutrient diversion hypothesis)。此假说认为诱导处
理可以导致大量同化产物产生，这些同化产物向顶端分生组织移动，继而诱导开
花[6, 10]。 





























(1) 花分生组织决定基因(floral meristem identity genes)。控制茎尖分生组织
转变为花序分生组织的基因即花分生组织决定基因，它们的表达影响开花的早
晚，如拟南芥的LEAFY (LFY)、TERMINAL FLOWER 1 (TFL1)、APETALA 1 (AP1)、 
AP2、CAULIFLOWER (CAL) 和UNUSUAL FLORAL ORGANS (UFO)等[11, 12, 17]。 
其中，LFY和AP1被认为在开花起始的早期起作用[5]。表型强的lfy突变体在







(2) 花器官决定基因(floral organ identity genes)。此类基因在花发育中调控
各花器官的形成，它们是在对拟南芥和金鱼草(Antirrhinum majus)的研究中发现
的。一般认为有 A、B、C 3 类同源异型基因决定形成花的 4 轮器官——花萼、
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和 2 轮起作用，B 限于第 2 和 3 轮，C 限于第 3 和 4 轮[1]。由此 Coen 和 Meyerowitz
等提出花发育的同源异型基因作用模型，即“ABC 模型”[21]。根据这一模型，
A 类基因单独作用决定形成第 1 轮的萼片，A 和 B 共同决定形成第 2 轮的花瓣，
B 和 C 共同决定形成第 3 轮的雄蕊，而 C 单独作用形成第 4 轮的心皮；A 和 C
的活性是相互拮抗的，即 A 抑制 C 在第 1 和 2 轮中表达，C 抑制 A 在第 3 和 4
轮中表达[1]。在拟南芥中已经克隆到一些相关基因，如具有 A 功能的基因 AP1











(photoperiodic pathway) 、春化途径(vernalization pathway) 、 自主途径








































素：CRYPTOCHROME 1 (CRY1)和CRY2[7]。 
光周期途径开始于光受体PHYA和CRY2感受光信号，随后光受体将此信号






























Fig.2  A model depicting functions of photoreceptors  
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